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hŎǘƻōŜǊ ƛǎ /ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘ aƻƴǘƘΥ
wŀƛǎƛƴƎ /ƘƛƭŘǊŜƴΩǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŜŀƭǘƘ !ǿŀǊŜƴŜǎǎ

https://www.epa.gov/children/

Å/ƘƛƭŘǊŜƴΩǎ ƘŜŀƭǘƘ ƻǳǘŎƻƳŜǎ ǊŜǎǳƭǘ ŦǊƻƳ ƳǳƭǘƛǇƭŜ ŎŀǳǎŜǎΥ
- genetics, nutrition, socioeconomic factors
- prenatal and childhood exposure to environmental factors. 

ÅAdverse birth outcomes:
- preterm birth, low birth weight, birth defects, infant mortality
- USA occurrences: ~3% birth defects and 11% low birth weight.

ÅAssessing developmental toxicity during pregnancy: 
- critical role in setting health and environmental policy
- teratogenesis is a major concern in animal models of human relevance (e.g., pregnant rats, rabbits). 

ÅNew Approach Methodologies (NAMs): 
- shifting developmental hazard detection to in vitrodata, in silico models, and biological pathways
- embryonic stem cell (ESC) lines are among the most promising alternatives to pregnant animal testing.

ω wŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎ
ω /ƘƛƭŘƘƻƻŘ ŎŀƴŎŜǊ
ω bŜǳǊƻŘŜǾŜƭƻǇƳŜƴǘŀƭ ŘƛǎƻǊŘŜǊǎ
ω hōŜǎƛǘȅ
ω !ŘǾŜǊǎŜ ōƛǊǘƘ ƻǳǘŎƻƳŜǎ
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Compliance: All work involving human embryonic stem (hES) 
cell lines is compliant with Executive Order 13505 (issued 2009) 
to ensure that is ethically responsible, scientifically worthy, and 
conducted in accordance with applicable law. 

FundingΥ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳƴŘŜǊ 9t!Ωǎ Chemical 
Safety for Sustainability Research Program, Research Area 5 
Ψ±ƛǊǘǳŀƭ ¢ƛǎǎǳŜ aƻŘŜƭǎΩ ό±¢aǎύΦ 

https://stemcells.nih.gov/research/registry.htm
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Disclosure: research on pluripotent stem cell lines

Our hESC cell lines are registered in the NIH Human Embryonic Stem Cell Registry:   
WA09 (H9): NIH Approval Number: NIHhESC-10-0062
RUES2: NIH Approval Number: NIHhESC-09-0013

Other pluripotent stem cell lines:
EpisomalhiPSCLine (Gibco-A18945)
Endodermal hiPSCline (Allele Biotech #ABPSC-HDFAIPS)
J1 mouse ESC line (ATCC® SCRC-млмлϰύ 

Stemina Biomarker Discovery
EPA contract EP-D-13-055

ValaSciences, Inc. 
EPA  contract EP-D-13-054



ÅSelf-renewal:cells proliferate and replicate themselves 
indefinitely when cultured under appropriate conditions.

ÅDifferentiation: maintain the potential to:
i) form most cells of the embryo/fetus (pluripotency)
ii) self-organize into rudimentary structures (autopoiesis).

ÅEmbryology:Ƙ9{/ ƳƻƴƻƭŀȅŜǊǎ ǊŜŎŀǇƛǘǳƭŀǘŜ ǘƘŜ ΨŜǇƛōƭŀǎǘΩ ƻŦ 
an early embryo (GD 5-7 mouse, week 2-3 human).

Pluripotent ESC lines capture many key features of 
embryogenesis that are uniquely covered in guideline 

prenatal developmental toxicity studies.
(e.g., OECD TG 414, organogenesis in pregnant rat/rabbit)
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Novel features of pluripotent hESC lines:
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Embryoid Body (in vitro)

Epiblast (in vivo)

primitive streak

From the Kyoto Collection
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Will a primitive hESC type live up to the challenge of NAMs?
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?

Ådoes not encompass the full complexity of anatomical development; 
Åblind to the precise spatial-temporal control of cell-cell interactions in vivo ;
Åmisses developmental effects secondary to maternal or placental toxicity;
Åuncertainty of post-organogenesis vulnerability and post-natal manifestations; 
Åcross-species extrapolation (mESC to human, hESC to animals);
Ålimited xenobiotic metabolism and other ADME considerations (toxicokinetics);
Åuncertainties in translatability to the intact embryo (toxicodynamics).

https://embryology.med.unsw.edu.au/embryology



Åchemical domain
Åreadout endpoints
Åstandardized protocols
Åreproducibility 
Åbiological domain
Åpredictive power

A lot of work has been done using mESC and hESC lines in vitro
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Detailed literature review of conceptual and practical considerations that must be given 
for readiness of mESC and hESC data in regulatory toxicology (e.g, NAMs).

N Baker, G Daston, B Flick, M Fujiwara, T Knudsen, H Kojima, A Piersma, H Spielmann, N Suzuki, K Tsaioun (2020)  
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ESC testing data available in the open literature

Å1,250 annotated chemicals:
18 publications tested > 10 compounds (primary) 

174 publications tested 1-9 (evidentiary support)

ÅMost overlapping compounds:
all-trans retinoic acid (17), 5-fluorouracil (16), 
and methotrexate (14) - all strong teratogens.

ÅMost common use categories: 
pharma: anti-infective agents, enzyme inhibitors 
chemical: pesticides. 

N Baker, K Tsaioun: Abstract Sifter, SWIFT, 
aŜ{I ǘŜǊƳǎΣ /ƘŜƳƛŎŀƭǎ 5ŀǎƘōƻŀǊŘΣ Χ 

working in unison

1,533 PubMed Ą 333 (AI relevance) Ą curation 

Now includes ToxCast_STM dataset



Pluripotent H9 human embryonic stem cell 
metabolomics assay that άΧ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ 

potential developmental toxicants in the test 
set with 77% accuracy (57% sensitivity, 100% 

ǎǇŜŎƛŦƛŎƛǘȅύΦέ 

Palmer et al. (2013) Birth Defects Res

devTOXqP assay:SteminaBiomarker Discovery, EPA contract EP-D-13-055
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